This study aims to investigate the impact of changes in the Tmax and Ro% on the assessed parameters (S1, S2, S1+S2, HI, QI, BI, PI, TOC) of petroleum potential of organic materials. The samples studied include coals and coaly shales of Mushan Formation, Shihti Formation and Nanchuang Formation in NW Taiwan, coals and an oil shale from Mainland China, the well-drilled chip samples from NW Australia, in addition to the data of samples were included from literatures. This work will get on the detecting data of 10 parameters (S1 , S2 , S1+S2, TOC, HI, QI, BI, PI, Ro%, Tmax) and progressing statistical analysis, and focus the study on comparison between grey forecast of grey relational grade and regression model forecast. The results from statistical analysis (include temperature-treated samples were individually subjected to Rock-Eval analysis) of the all parameters data for all samples in this research project, not only be executed a linear regression, curve regression between any two parameters, and multivariate regression, but also be carried on the forecast of grey correlation grade of grey theory (include grey relational generating (Nominal-the-better-:Ro%; Larger-the-better-: Tmax, HI, QI, BI, S2, S1+ S2, S1; smaller-the-better-: TOC, PI) and globalization grey relational grade). So far, obtain roughly the consistency of results from two type predictive analysis. The constructed HI, QI and BI bands were broad at low maturities and gradually narrowed with increasing thermal maturity. The petroleum generation potential is completely exhausted at a vitrinite reflectance of 2.0-2.2% or a T max of 510-520°C. An increase in HI and QI suggests extra petroleum potential related to changes in the structure of the organic material. A decline in BI signifies the start of the oil expulsion window and occurs within the vitrinite reflectance range 0.75-1.05 % or a T max of 440-455 o C. Furthermore, petroleum potential can be divided into four different parts based on the cross-plot of HI vs. %Ro. The area with the highest petroleum potential is located in sectionⅡ with %Ro=0.6-1.0%, and HI>100. Oil generation potential is rapidly exhausted at section Ⅲ with %Ro >1.0%. This result is in accordance with the regression curve of HI and QI with %Ro based on 97 samples with %Ro=1.0~5.6%.
Introduction
Petroleum potential of source rocks is described in terms of quantity, quality and level of thermal maturity of organic material (Bordenave et al., 1993; Lee, 2011) . Rock-Eval pyrolysis (Espitalie' et al., 1977 (Espitalie' et al., , 1985 Lee, 2011; Lee and Sun, 2013 ) is an effective method for the assessment of petroleum potential in source rocks as well as for the geochemical characterization of organic material.Rock-Eval pyrolysis is rapid, inexpensive, requires only small amounts of material, and can generate reliable data. Teichmüller (1973) and Vassoevich et al. (1974) proposed a vitrinite reflectance range from 0.5-0.55%Ro to 1.3%Ro for the oil window, although it is expanded from 0.5-0.6%Ro to 1.3-1.35%Ro by authors such as Hunt (1996) , Petersen (2002) , Peters and Cassa (1994) , Taylor et al. (1998) , and Tissot et al.(1987) .Furthermore, Vassoevich et al. (1974) determined that oil generation occurs at a vitrinite reflectance of 0.5%Ro, whereas oil cracking starts to occur at a vitrinite reflectance of approximately 1.3%Ro. The temperature at the peak of S2 is referred to as Tmax. The total genetic potential of the sample is defined as S1+S2. The total genetic potential of organic matter in the synthetic assessment of the petroleum potential is described using the hydrogen index (HI, S2/TOC), the bitumen index (BI, S1/TOC) ) and the quality index (QI, [S1+S2]/TOC) (Pepper and Corvi, 1995) . The commencement of the effective oil window corresponds to the maturity at which BI begins to decrease during maturation, leading to efficient oil expulsion.
The maturity of organic matter is one of the most important parametersin the evaluation of oil-gas (Tissot and Welte, 1984; Lee, 2011) . In assessing maturity of organic matter, vitrinite reflectance (%Ro) is the most commonly examined parameter. Three major characters need to be studied in order to determine the petroleum potential of source rock: properties of organic material, process of thermal maturation, and abundance of hydrocarbon. However, high pressures during hydrocarbon formation increase the activation energies of organic matter in chemical reactions, which may lead to the suppression of vitrinite reflectance. In addition, vitrinite reflectance is strongly influenced by oxidation, so care must be taken to avoid over or under estimating the maturity. Therefore, the maturity parameters of hydrocarbon must be explored in order to construct effective indices for the assessment of petroleum potential. Vitrinite reflectance is a widely used parameter as a geothermometer for the estimation of the thermal maturity. But problems such as human mistakes in measurement, technical problems, and problems associated with the structural and compositional heterogeneity of organic matter. In most cases, the first two types of uncertainties can be handled by standardization (ASTM, ISO). The third problem needs to be solved by statistical analysis.
The anomalously high HI values of coal samples can lead to an overestimation of the hydrocarbon potential. Peters(1986) suggested that the hydrocarbon potential of coal is best determined by using elemental and petrographic analysis. Several succeeding studies evaluated HI and S2 as predictors of the hydrocarbon potential by correlating them with the atomic H/C. However, the results were not satisfactory. Powell et al (1991) found a relationship between HI and atomic H/C for Australian coals with atomic H/C in the range of 0.8-1.0. Petersen and Rosenberg (2000) studied the relationship between HI and %Ro but only found a weak and negative correlation. Other researches exhibited that the HI value displays a strong correlations to volatile matter, which can also be considered as a substitute for petroleum generation potential (Suggate and Boudou, 1993; Newman et al., 1999; Lee, 2011; Lee and Sun, 2013) .
After performing the vitrinite reflectance measurement and pyrolysis analysis of organic material, ten parameters %Ro, Tmax, HI(S2/TOC), QI([S1+ S2]/TOC), BI(S1/TOC), PI(S1/[S1+ S2]), S2, S1+ S2, TOC, and S1 can be obtained. They will show the characteristics of the organic material in evaluating their petroleum potential. In avoiding overestimate or underestimate of the generation potential of organic material, we will investigate the correlation among above respective parameter with the datasets of 608 and 506 samples in this research. On the other hand, maturity and types of organic material are related to %Ro and all parameters, so we can estimate petroleum potential of organic material by the statistical analysis to evaluate correlativity among all aforementioned parameters. For the majority of organic material, present a more complex correlation between Rock-Eval parameters and maturity (rank). So we can also assess the evolution and petroleum potential of organic material by using cross-plots of maturity (%Ro) and Rock-Eval parameters.
Meanwhile, the purpose of this study is to establish reliable indices for the synthetic assessment of organic matter in the evaluation of petroleum potential. The scope of this study will be focused on Rock-Eval pyrolysis, vitrinite reflectance measurement, TOC measurement, maceral composition analysis, regression model forecast, gray relational grade, multivariate statistical analysis and cross-plots of %Ro and Tmax vs. above parameters according to data obtained from vitrinite reflectance measurements, TOC, and Rock-Eval pyrolysis. This study presents new guidelines for improved assessment of generative potential and thermal maturity.
Methods of Experiment and Analysis
Maceral analysis and vitrinite reflectance measurements were performed on polished pellets under a Leitz MPV Compact Microscope (light source 12V, 100W; wavelength 546 nm; refractive index of soak oil, Ne=1.5180). Opticalmicroscope was used to identify three main maceral groups (exinite, vitrinite and inertinite), as well as inorganic minerals (pyrite and clay minerals) through point counting. At least 100 measurements were made for each sample. Elemental Analysis and Rock-Eval Pyrolysis were performed in the Precise Instrument Center of National Science Council and EDRI of Chinese Petroleum Corp. respectively. All analytical works were carried out according to ISO or ASTM standards procedures. This study was performed by using the following procedures. The dataset of study starts from the collection of sample data including from literature and our own historical archives. The total number of samples is 1140 (1020 from literature and 120were analyzed for this study; database cf. Table1). Out of the1140 samples, only 608(Table1) have all 10 parameters (%Ro, Tmax, HI, QI, BI, PI, S2, S1+ S2, TOC, and S1). The 120 samples include TW1-48 (from NW Taiwan), ML1-59 (from China), and AU1-13(from Australia).
The scope of this study will be focused on Rock-Eval pyrolysis, vitrinite reflectance measurement, TOC measurement, maceral composition analysis, elements analysis, regression model forecast, gray relational grade, and relative mathematical model. In addition, process new guidelines for improved assessment of the kerogen type, generative potential and thermal maturity using Rock-Eval parameters. Grey relational Analysis include grey generating, grey relational generating operation (Deng, 1988; Wen, 2004) .
(1) Grey Generating
Vitrinite reflectance measurement and pyrolysis analysis were performed to evaluate the relationship between the petroleum potential and the maturity for the aforementioned 120 samples. And then go on statistical analysis and drawing cross-plot of the parameters (%Ro, Tmax, HI, QI, BI, PI, S2, S1+ S2, TOC, and S1) in the datasets of 1140, 608, and 506 samples. In order to get the correlation between the aforementioned parameters and to evaluate synthetically the petroleum potential of organic material, can perform statistical analysis methods. Furthermore, the statistical analysis are performed with descriptive, correlation, independent samples T-test, linear and curve regression, factor, principal component, nonparametric tests by Excel and SPSS 16.0 (Keller, 2001; Zhang et al., 2007) . All of the analyses were carried out on10 parameters for the datasets of 608and 506 samples, and 3 parameters (%Ro, Tmax, HI) for the dataset of 1140 samples. The total genetic potential of organic matter in the synthetic assessment of petroleum potential is evaluated by hydrogen index (HI, S2/TOC), bitumen index (BI, S1/TOC), and quality index (QI, (S1+S2)/TOC).
Statistical methods used on this study include: descriptive, multiple discriminant analyses, Pearson's correlation, K-Independence and 2-independent samples T-tests, linear and curve regression, Q and R mode hierarchical cluster analysis, and principal component analysis (PCA). The first step in the multivariate analyses was the construction of a Pearson correlation coefficient matrix using all of the geochemical parameters contained in the datasets. The most statistically significant variables in the datasets were thus identified. 
where R represents mean rank, n i represents the observation number of i group, k represents the number of groups, and N represent the total observation number of all groups.
If p (probability)>α(0.05, significance level), accept null hypothesis (Ho).
2-Independent T-Test
The 2-independentT-tests used here evaluates the probability that the mean value of a particular parameter exhibited by two data sets ( 1 
Results and Discussion

Grey Relational Analysis
The results from statistical analysis of the all parameters data for all samples in this research project, not only be executed a linear regression, curve regression between any two parameters, and multivariate regression, but also be carried on the forecast of grey correlation grade of grey theory (include grey relational generating of Chang's, Effect, Hsia's, and Lin's (Nominal-the-better-:Ro%; Larger-the-better-: Tmax, HI, QI, BI, S2, S1+ S2, S1; smaller-the-better-: TOC, PI; Tables 2-5) and globalization grey relational grade; Table  6 ). So far, achieve approximately consistent results from two modes predictive analysis. Petroleum potential can be divided into four different parts based on the cross-plot of HI vs. %Ro. The highest petroleum potential is located in the second part with %Ro=0.6-1.0%, T max =430-450°C, HI>100, and QI>120. Oil generation potential is rapidly exhausted in the third part with %Ro >1.0%. This result is in accordance with the regression curve of HI and QI with %Ro based on 97 samples with %Ro=1.0~5.6%. The exponential equation of regression can thus be achieved: 
Hierarchical Cluster Analysis of HI, QI
A vitrinite reflectance (%Ro) ranged from 0.5-0.55 to 1.3, 0.5-0.7 to 1.3 or 0.5-0.6 to 1.3-1.35 for the conventional "oil window" was proposed by Petersen (2002) , Teichmuller (1993), Vassoevich et al. (1974) , Tissot and Welte (1984) , and Hunt (1996) . Q mode hierarchical cluster analysis for the dataset of 608 samples confirmed that 61 data samples with all ten parameters belong to the same cluster, numbering from 2 ~ 14 with 0.5≦%Ro≦1.0, S2<2, and HI<80. In addition, the others 41 data samples with ten parameters are in a different group with HI>380. They show higher dispersion than those with lower HI values. Peters and Cassa (1994) stated that the source rock has poor petroleum potential if the organic material has 0.5≦%Ro≦1.0, S2<2, and HI<80. Therefore, the 102 data were removed from the cross-plots (HI vs. %Ro, QI vs. %Ro, BI vs. %Ro, HI vs. Tmax, QI vs. Tmax, BI vs. Tmax) for dataset of 608 samples, after deleting 102 data from dataset of 608 samples, another dataset of 506 samples could be obtained. Nonparametric tests (2 and k independent samples) between the datasets of 608 and 506 samples confirm that the distribution of values from respective parameters except TOC exhibit no significant difference (p>0.05, Table 7a, 7b). Nonparametric tests (k independent samples) among the datasets of 1140, 608, and 506 samples, showed that there was no significant difference (p>0.05, Table 7c) in the distribution of HI values. The distribution of the HI value for all of the datasets remains constant with increasing thermal maturity.
After conducting a Pearson's correlation analysis for datasets of 608 and 506 samples, exhibited same results and they had high correlation about the couple of parameters (%Ro vs. Tmax, HI vs. QI, TOC vs. [S1+S2], S2vs.
[S1+S2], S2 vs. TOC; cf. Table 8a ). So they were obtained again the evolution in the HI with increasing thermal maturity for a large worldwide datasets of 608, and 506 samples (Figures 1 and 2) , and the evolution in the total generation (QI) with increasing maturity for the worldwide datasets of 608 and 506 samples (Figures3 and 4) . From the results of Pearson's correlation analysis (Table 8b ), during Ro=0.17~0.6% rise up to %Ro=0.61~1.0, declining the correlativity for HI and QI with BI from medium to low while BI increase with thermal maturity until the %Ro up to ~0.75%Ro ( Figures 5-7 ). On the other hand, during Ro=0.17~1.0% rise up to 1.0~5.6%, the correlation for HI and QI with %Ro increased, with correlative coefficient up to r = -0.72 (Table 8c ). They show clearly the apex of the upper and lower limit of the HI and QI band from the cross-plots (HI vs. %Ro, QI vs. %Ro, HI vs. T max, QI vs. T max) for the dataset of 506 samples. From these cross-plots, we can define more definitely to the lines of maximum HI and QI from ~ 0.6 to ~1. 
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Hydrocarbon Potential from Evolution of HI vs. %Ro
The evolution of HI with increasing %Ro for 608 and 506 samples are shown in Figures 1a and 2a and the evolution in HI with increasing Tmax for 608 and 506 samples in Figures  1b and 2b . In four figures, an area can be drawn around the vast majority of the samples. The HI band is widest (up to 305mg HC/g TOC broad) below Ro of approximately 0.6%, as greater than which the band width of HI will be gradually reduced down to 20mg HC/g TOC or less at Ro of about 2.1% (Figures 1a and 2a) . Above this %Ro value, HI does not show any change with increasing maturity. The HI band is widest (up to 315mg HC/g TOC) below a Tmax of about ~430°C, which, according to the relationship between Tmax and %Ro, corresponds to ~0.54%Ro (Figure 8 ). With increasing maturity the band width of HI will be gradually reduced down to 40mg HC/g TOC or less at a Tmax above 510°C (corresponds to Ro ~2.05%, cf. Figure 8) . The upper limit of the HI band reaches a maximum HI of about 375mg HC/g TOC at a %Ro of ~0.6 or a Tmax of ~430°C. Even though the lower limit (the organic materials with the lowest initial petroleum potential), reaches a maximum HI of about ~110mg HC/g TOC at a %Ro of ~1.0 or a Tmax of ~ 450°C. The broad bands up to a Ro of about 0.6% and Tmax about 430°C reflect a distinguished variation in petroleum generation potential of the organic material with similar maturities. This can be attributed to the heterogeneous chemical component of the organic material and the different depositional environment. Petersen (2006) suggested that the HImax line was defined between the upper limit (0.6%Ro or 430°C Tmax) of the HI-band outlined by the majority of the humic coals and type Ⅲ kerogen and the lower limit (1.0%Ro or 450°C Tmax). Although the dissociation activation energy is higher and broader in distributed range for typeⅡ kerogen than typeⅢ kerogen, the onset of petroleum generation was similar at the early stage (Suggate et The effect of the gradual exhaustion of the petroleum potential is evident from the narrowing of the HI band with increasing maturity. However, the organic materials may still possess petroleum potential at a Ro up to 1.3% (HI up to ~175 mgHC/g TOC) which is the end of the traditional oil window (Figures 1a, 2a) . The HI shows that the generative potential for liquid petroleum of the organic materials is exhausted at a Ro of approximately 2.0-2.2% or Tmax of 510-520°C (Figures 1 and 2 ), corresponds to 2.05-2.23%Ro ( Figure 8 ). For humic coals and kerogen type Ⅲ , liquid petroleum generation is negligible at a %Ro of approximately 1.8, and at 2.0%Ro the petroleum generative potential is exhausted (Petersen, 2002) . 
QI-Band Defined by the Majority
The Quality Index (QI, Rock-Eval derived S1+S2 yields normalized to total organic carbon, TOC) can be used to represent the total generation potential (Wang, 1998 ( Table 9) . As noted previously, we can obtain the same result from the Pearson correlation analysis (Table 9b -c; Figures 5-7) . The evolution in QI with increasing %Ro for 608 and 506 samples is shown in Figures 3a and 4a . and the evolution in QI with increasing Tmax for 608 and 506 samples in Figures 3b and 4b . The data are distributed in an area (QI band) which can be drawn around the vast majority of the samples. The QI band is broadest (up to 360mg HC/g TOC broad) below a Ro of approximately 0.6%, beyond which it gradually narrows to a band width of 35mg HC/g TOC or less at a Ro of about 2.2% (Figures 3a, 4a ). Above this %Ro value, the QI does not show any change with increasing maturity.
A similar evolution in QI is shown by Figures 3b and 4b . The QI band is widest (up to 380mg HC/g TOC) below a Tmax of about ~430°C, which, according to the relationship between Tmax and %Ro, corresponds to ~0.54%Ro (Figure 8 ). With increasing maturity the band width of QI will be gradually reduced down to 40mg HC/g TOC or less at a Tmax above 510°C (~2.05%Ro, cf. . In other words, for the mixed samples of type Ⅱ/Ⅲ kerogen in the petroleum build-up stage, the QI value will be lower than while at the 0.6%Ro maturity, they accord with the results in this study. Therefore we can obtain the same results as HI value in the QImax .
BI-Band Defined by the Majority
During the evolution in BI with increasing thermal maturity (%Ro, Tmax), the bitumen Index (BI) ( Table 9 ). The evolution in BI with increasing %Ro for 608 and 506 samples is shown in Figures 6a and 7a . and the evolution in BI with increasing Tmax for 608 and 506 samples in Figures 6b and 7b . The data are distributed in an area (BI band) can be outlined around the vast majority of the samples. Lewan (1994, 1997) suggest the early generated compounds are presumed to be bitumen or heavy crude oil which forms oil by partial decomposition at higher maturity. As pyrolysis hydrocarbon S2 is decomposed continuously, will cause the decrease of S2 and the increase of free hydrocarbon S1, further result in the increase of BI. The HI value is reduced and BI value will increase until the hydrocarbon reaches the equilibrium amount of efficient oil repulsion, then BI value starts to decline (Suggate et al., 1993; Hu, 2001; Sun et al., 2001; Chan, 2006). As for samples of typeⅡ kerogen, there are few bonds with low dissociated activation energy at the stage of low maturation, and the free hydrocarbon (S1) lacked more than type Ⅲ kerogen which can produce free hydrocarbon (S1) from the decomposed hydrocarbon (S2).
Since the samples in this study include typeⅡ/Ⅲ kerogen, so their BI values will decrease gradually in lower maturity (%Ro, Tmax) other than the samples of humic coals and type Ⅲ kerogen. A cross-plot of BI vs. %Ro shows that the majority of the organic materials form a BI band (Figures 6a,  7a) . Similarly a cross-plot of BI vs. Tmax shows that the majority of the organic materials form a BI band (Figures 6b,  7b) . The upper limit of the BI band shows a rapid increase from ~14mg HC/g TOC at about a Tmax of ~430°C to ~40mg HC/g TOC at a Tmax of ~440°C (Figures 6b, 7b) , which, according to the %Ro-Tmax relationship in Fig. 8 , corresponds to ~0.73%Ro. Similarly BI vs. %Ro shows an increase in BI from ~0.55%Ro to above 32mg HC/g TOC at ~0.75%Ro (Figures 4a, 4c) . Above ~0.75%Ro or ~440°C, the upper limit of the BI band decreases to very low yields at approximately ~1.95%Ro or ~525°C. The lower limit of the BI band marks low values up to a %Ro of ~0.85%Ro or Tmax of ~445°C. The maximum of the lower limit of the BI band may be set at a %Ro of ~1.05%Ro (corresponds to Tmax ~455.48°C cf. Figure 8) or Tmax of ~455°C beyond which the lower limit decreases to very low values around ~1.25%Ro or ~465°C. Tmax=~465°C corresponds to ~1.2%Ro according to the %Ro-Tmax relationship in Figure  8 . The sharp increase in BI at a Tmax of 430-440°C (or corresponds to 0.54-0.73%Ro according to the %Ro-Tmax relationship in Figure 8 ) marks the onset of petroleum generation (Petersen, 2002; Sykes, 2001 ; Sykes and Snowdon, 2002).
Effective Oil Expulsion Window
Petersen (2002) defined an effective oil window for source rock between vitrinite reflectance of 0.85 to 1.8%. At a Ro of 1.8% S1 yields are very low and the remaining generation potential according to its HI was stabilized at low values, the threshold of petroleum generation was determined to start at a Ro of about 0.5-0.6% (Tissot and Welte, 1984) The studied worldwide organic material data set shows that ~0.75%Ro corresponds to the upper limit of the BI band, whereas the lower limit of the band reaches a maximum at approximately Ro ~1.05% or Tmax 455°C (Figures6 and 7) . In accordance with the results of descriptive analysis for the mean value of respective parameter in the interval of %Ro span, BI has the highest mean value at the Ro ~0.75%, Tmax 440 o C (Table 9a-b) . As noted previously, we can also receive the same result from the Pearson correlation analysis (Table 8b -c, Figures 5-4) . Ro from 0.17~0.6% up to 0.61~1.0%, the correlation of HI and QI with BI turned from medium to low, as BI was increased with thermal maturity Ro up to ~0.75% (Figures 5-7) . On the other hand, during Ro=0.17~1.0% up to 1.0~3.43%, the correlation of HI and QI with %Ro increased, with correlative coefficient up to r=-0.72 (Table 8c) . Matching with the principle of Sykes (2001) and Sykes and Snowdon (2002) , the line between these two maxima (Ro 0.85-1.05%; Tmax 440-455°C) outlines the line for the efficient liquid petroleum expulsion. The maximum BI line thus corresponds to the maturity range within which the start of the oil expulsion window for worldwide data set of the studied.
Relationships among Parameters
From Figures 5, 9 , we can examine the relationships among parameters (%Ro, Tmax, HI, QI, BI, PI, S2, TOC, S1+S2, S1) for dataset of 608 samples. Tables 7-8, show o C for (HI, QI, S1, S2, S1+S2), at Tmax = ~ 450 o C for (HI, QI, BI, PI, S1, S2, S1+S2). As in Table 9c (interval of %Ro span), the parameter (HI) has the highest value of mean with increasing thermal maturity at Ro = ~ 0.6% and ~1.0%. Furthermore, the parameter (HI) has the highest value of mean with increasing thermal maturity at the Tmax = ~ 430 o C and ~ 450 o C. Accordingly, we confirm the upper and lower limit of the HI and QI band, and to define to the lines of maximum HI and QI from Ro ~ 0.6 to ~1.0% or from Tmax ~ 430 to ~450 o C. Similarly, the upper and lower limit of BI band, the line of maximum BI is defined from Ro ~ 0.75 to ~1.05% or from Tmax ~ 440 to ~455 o C. Table 8b -c, show the bivariate correlation analysis of the intervals of %Ro span for data-set of 608 samples. From Ro=0.17~0.6% to Ro=0.61~1.0% for 10 parameters, the changes of correlativity turned from medium to low for (BI vs. HI, BI vs. QI, S2 vs. QI). The correlativity rises from low to medium for PI vs. BI. From Ro=0.17~1.0% to Ro=1.0~5.6% for 10 parameters, the changes of correlativity turned from being independent to medium(negative) for (HI vs. %Ro, QI vs. %Ro), and from medium to high for Tmax vs. %Ro, and from high to medium for (TOC vs. S2, TOC vs.
[S1+S2]). The multiple regression analysis of BI, S2, and %Ro with HI (S2/TOC) and QI ([S1+S2]/TOC) show the strong positive relationship. Similarly the multiple regression analysis of HI, QI, BI, PI, S2, TOC, Tmax, and S1 with %Ro also shows the strong positive correlation (Table 10 ). On the other hand, the multiple regression for 97 samples (Ro=1.0~5.6%) with R 2 =0.94, reach significance level of regression coefficients of independent variable, and no multicollinearity according to eigenvalue, condition index, variance proportions (Table 10 ). In addition, the curve regression of HI and QI with %Ro based on 97 samples (Ro=1.0~5.6%), we can get the exponential equation of curve regression, 1.7 994.8 (Table 8c ), in accordance with the result gained from the ( Figures 1-4, 6-7) .
Fig. 9. Plots of (a) HI and QI (mg HC/g TOC) vs. S1, (b) BI (mg HC/g TOC) and PI vs. %Ro, (c) HI and QI (mg HC/g TOC) vs. TOC, (d) HI and QI (mg HC/g TOC) vs. S2 (mg/g
) for dataset of 608 samples. 
Comparison Analysis of Petroleum Potential
Synthesizing the above analysis, we can divide petroleum potential into four different regions, based on cross-plot of HI vs. %Ro (Figures 10a-b) . The highest petroleum potential occurred in the second part (Ⅱ), including 226 and 211 sample data (Ro=0.6-1.0%, HI>100) from the datasets of 608 and 506 samples (Figures 10a-b) respectively. The first part (Ⅰ) represents the region of petroleum generation, and the forth part ( Ⅳ ) exhibits the region of lowest petroleum potential, and the oil generation potential was rapidly exhausted in the third part ( Ⅲ ). The sample data of parameters for CJ1-38 samples, TW1-48 samples, ML1-59 samples, and AU1-13 samples were present in Table 11 . The CJ1-38 samples from oilfield in eastern Junggar Basin, China (Chen, 2003) , whereas the others samples were detected in this study. For CJ1-38, TW1-48, ML1-59, and AU1-13 samples, the evolution in the remaining petroleum potential (HI) with increasing thermal maturity is shown in Figure 10c . The majority of CJ1-38 samples are in the second part (Ⅱ) (Figure 10c ; the region of highest petroleum potential, cf. Figures 10a-b) . The Pearson correlation analysis for datasets of 226 and CJ1-38 samples, the couple of parameters (BI vs. HI, BI vs. QI) have medium correlation (Table 12) ; as for the couple of the parameters ([S1+S2, S1] vs. [HI, QI, BI]) have no correlation for datasets of 226 and CJ1-38 samples in the second part (Ⅱ). On the other hand, the couple of parameters (S2 vs. TOC, [S1+S2] vs. TOC, S1 vs. TOC) exhibit high correlation for datasets of 226 and CJ1-38 samples (Table 12 , Figures 9 ), in accordance with the result that possess highest petroleum potential of CJ1-38 samples. The AU1-13 samples are in the third and forth parts (Ⅲ/Ⅳ), with oil generation potential rapidly exhausted. The ML1-59 samples are in the first and second parts (Ⅰ/Ⅱ), the TW1-48 samples are in the first part ( Ⅰ ), both represent the region of petroleum generation (Figure 10c ).
They exhibit high correlation for the couple parameters (S2 vs. HI, [S1+S2] vs. HI, S1 vs. HI, S2 vs. QI, [S1+S2] vs. QI, S1 vs. QI, HI vs. BI, QI vs. BI) for AU1-13, ML1-59, and TW1-48 samples. Therefore, four datasets except CJ1-38 samples are similarly in the correlation for couple of parameters of respective datasets (Table 12 ). The non-parameteric tests (2-Independent Samples) for the datasets of TW1-48 and CJ1-38 samples, they exhibit significantly different (p>α) for the distribution of data from respective parameters except S1 (Table 7d) , also in accordance with CJ1-38 samples which possess the highest petroleum potential in the second part (Ⅱ) (Figure 10c ). According to Table 13 , the CJ1-38 samples also have the highest mean value of HI and QI for the five data-sets (226, CJ1-38, TW1-48, ML1-59, AU1-13) although with the lowest mean value of TOC and S2. Because of the good correlation of S2, S1, and S1+S2 with TOC, they were believed to have few inert organic carbon (Dahl, 2004) , that explained their highest petroleum potential (Table 13 , Figures  9c-d) . (a) The 226 samples were obtained from the second part (the region of highest petroleum potential with Ro＝0.6-1.0%,HI>100, cf. 
Conclusion
The results from statistical analysis of 10 parameters data for all samples in this research work, not only be executed a linear regression, curve regression between any two parameters, and multivariate regression, but also be carried on the forecast of grey correlation grade of grey theory (include grey relational generating (Nominal-the-better-: Ro%; Larger-the-better-: T max , HI, QI, BI, S2, S1+ S2, S1; smaller-the-better-: TOC, PI) and globalization grey relational Potential from Organic Materials grade). The highest petroleum potential is located in the range with %Ro=0.6-1.0%, and HI>100. The oil expulsion window is located in the range with %Ro=0.75-1.05% or T max =440-455 o C. The range of by Ro%, T max , cross-plots, Grey Model and statistical analysis are all in good agreement.
The hierarchial cluster analysis dendrogram (Q mode) based on data from 10 parameters of TW1-48 and CJ1-38 samples reveals a high similarity between the majority of CJ1-38 samples. In addition, the majority of CJ1-38 samples possess high petroleum potential in the second part (Ⅱ), and the maturation of TW1-48 samples from immaturity to the oil window falls into first and second parts ( Ⅰ and Ⅱ ). Experimental and statistical analytical investigation reveals that the values of eight parameters (HI, QI, BI, PI, S2, S1+ S2, and S1) increase as the thermal maturity of organic materials increases during the initial stage of thermal maturation. At maturities greater than Ro=0.6-1.0% (Tmax = 430-450°C), the values of these parameters start to decrease gradually. At Ro>1.0%, the values of those parameters decrease rapidly, with a corresponding drop in petroleum potential.
Based on statistical analysis and cross-plots of HI, QI and BI versus the vitrinite reflectance (%Ro) and Tmax ( o C), the HI max , QI max and BI max lines are defined between the vertex of the upper and lower limits of the HI-band, QI-band and BI-band as defined by a majority of the samples. The constructed HI, QI and BI bands were broad at low maturities and gradually narrowed with increasing thermal maturity. The petroleum generation potential is completely exhausted at a vitrinite reflectance of 2.0-2.2% or a T max of 510-520°C. An increase in HI and QI suggests extra petroleum potential related to changes in the structure of the organic material. A decline in BI signifies the start of the oil expulsion window and occurs within the vitrinite reflectance range 0.75-1.05% or a T max of 440-455 o C. Furthermore, petroleum potential can be divided into four different parts based on the cross-plot of HI vs. %Ro. The area with the highest petroleum potential is located in section Ⅱ with %Ro=0.6-1.0%, and HI>100. Oil generation potential is rapidly exhausted at section Ⅲ with %Ro >1.0%. This result is in accordance with the regression curve of HI and QI with %Ro based on 97 samples with %Ro=1.0~5.6%. The exponential equation of regression can thus be achieved: curve, 1.7 994.8 The worldwide organic material dataset defines two oil expulsion windows represented by the upper and lower limits of the BI band: %Ro ~0.75 to ~1.95% or T max ~440 to ~525°C, and %Ro ~1.05 to ~1.25% or T max ~455 to ~465°C, respectively. The start of the oil expulsion window occurs within the %Ro range of ~ 0.75-1.05%Ro or the T max range ~ 440-455°C and the total oil window extends to %Ro = ~ 1.25-1.95 or T max = ~ 465-525°C.
As the results of this study, we expect to promote evaluation techniques for HC exploration and propose new guidelines for evaluating the petroleum potential of organic matter. A significant petroleum generation build-up occurs at an approximate Ro% interval of 0.6 to 0.75, as indicated by a worldwide sample dataset of Coal and Carbonaceous Materials. S 2 yields and HI values stabilize at low valuesapproximately at a vitrinite reflectance of 2.2%, which indicates the exhaustion of the petroleum generative potential. For general purposes, the "oil window" for organic materials in this study is defined within a Ro ranging from 0.75 -1.95%. This re-considered "oil window" is very probably also valid for source rocks of Coal and Carbonaceous Materials. Moreover, samples with Ro%<0.6 or Ro%=0.6-1.0 and HI<100 are the least effective oil source rocks, and samples with Ro%=0.6-1.0 and HI>100 are the most effective oil source rocks.
